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Introduction {#sec005}
============

The optimal type of surgery for breast cancer patients continues to be a controversial topic. Revolutionary changes in the surgical management of breast cancer occurred during the 20^th^ century, from radical to minimal surgery \[[@pone.0122692.ref001]\], and these changes were supported by several landmark trials with decades of follow-up. Breast-conserving therapy (BCT) accompanied by radiation therapy is associated with a survival rate that is equivalent to that of mastectomy for selected breast cancer patients \[[@pone.0122692.ref002], [@pone.0122692.ref003]\]. For patients who are not candidates for BCT or who choose not to conserve, skin-sparing mastectomy with breast reconstruction is a safe technique that provides a better cosmetic outcome without compromising oncological safety \[[@pone.0122692.ref004], [@pone.0122692.ref005]\]. In addition, sentinel lymph node biopsy (SLNB) has been adopted as an alternative to axillary lymph node dissection (ALND) for node staging \[[@pone.0122692.ref006], [@pone.0122692.ref007]\], with improved postoperative quality of life for node-negative patients \[[@pone.0122692.ref008]\].

In the United States, a recent population-based retrospective study revealed a 13.5% decrease in the application of mastectomy alone and a 42.0% increase in the application of immediate breast reconstruction \[[@pone.0122692.ref009]\]. In contrast, based on a nationwide survey in China, mastectomy still remains the dominant option for the surgical treatment of breast cancer \[[@pone.0122692.ref010]\]. However, for patients with bilateral breast cancer (BBC), including both synchronous bilateral breast cancer (sBBC) and metachronous bilateral breast cancer (mBBC), the surgical management strategies are relatively more complicated. When determining the surgical management for bilateral breast cancer patients, each breast must be considered individually to determine the optimal surgical management, and the symmetry and postoperative appearance of the breasts should also be taken into consideration.

Due to the improved diagnostic technologies and management strategies, an increasing number of women are at risk for developing BBC \[[@pone.0122692.ref011]\]. Different types of surgeries might be associated with different levels of psychological distress for patients with BBC \[[@pone.0122692.ref012]\]. Therefore, more attention should be devoted to the surgical management of patients with BBC. The present study aimed to investigate the current surgical management strategy for patients with BBC and to assess changes in this strategy in a retrospective series of patients in China.

Materials and Methods {#sec006}
=====================

Patients {#sec007}
--------

Patients diagnosed and treated with operable BBC at Fudan University Shanghai Cancer Center between June 2007 and June 2014 were enrolled in this retrospective analysis. A time interval of 12 months between bilateral breast cancers was introduced to distinguish sBBC (≤12 months) and mBBC (\>12 months) according to our previous study \[[@pone.0122692.ref011]\]. The clinicopathological and epidemiological parameters of each patient were obtained from electronic medical records.

Patients treated with operable unilateral breast cancer (UBC) during the same time period served as the control group. Male patients and stage IV patients who underwent palliative operations were excluded from the study. In addition, to avoid the risk of misclassifying metastatic bilateral breast disease, patients with stage IIIb or IIIc (T4 or N3) disease were also excluded from the present study.

The protocol of the present retrospective study was approved by the Ethics Committee of Fudan University Shanghai Cancer Center. A written informed consent form allowing the academic application of de-identified photographs and medical records was obtained from each patient.

Statistical Analysis {#sec008}
--------------------

The independent samples t test and ANOVA were performed to compare continuous variables, while Fisher's exact test and the Pearson chi-square test were used to analyze categorical variables. The Kappa consistency test was applied to evaluate the relationship between the interval between bilateral cancers and the types of surgeries. All results with p\<0.05 were considered statistically significant (SPSS statistical analysis program, version 20.0; SPSS Inc., Chicago, IL, USA).

Results {#sec009}
=======

Between June 2007 and June 2014, 15,337 patients with primary breast cancer underwent surgeries at the Fudan University Shanghai Cancer Center. Of these patients, 218 (1.5%) suffered from sBBC, and 296 (2.0%) suffered from mBBC. The patient demographics and clinicopathological characteristics are described in [Table 1](#pone.0122692.t001){ref-type="table"}.
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###### Patient demographics and clinicopathological characteristics.

![](pone.0122692.t001){#pone.0122692.t001g}

  Variables                                              sBBC          mBBC              UBC           p
  ------------------------------------------------------ ------------- ----------------- ------------- ---------
  Age (median, range)                                    53 (28--89)   1st 47 (20--75)   51 (18--98)   \<0.001
  2nd 57 (22--89)                                        \<0.001                                       
  Family history                                         20            43                1333          0.023
  Histopathology [\*](#t001fn002){ref-type="table-fn"}                                                 \<0.001
  Ductal                                                 188           259               12759         
  Lobular                                                14            14                217           
  Others                                                 16            23                856           
  Stage [†](#t001fn003){ref-type="table-fn"}                                                           0.076
  0                                                      24            31                1695          
  I                                                      57            100               3756          
  II                                                     116           133               7232          
  IIIa                                                   21            32                1149          
  Type of surgery                                                                                      \<0.001
  Mastectomy                                             188           240               12018         
  Breast Conserving Therapy                              14            13                2705          
  Breast Reconstruction                                  8             9                 614           
  Combined                                               8             34                0             
  ER-positive [‡](#t001fn004){ref-type="table-fn"}       159/192       188/235           6384/8629     0.003
  Her-2-positive [‡](#t001fn004){ref-type="table-fn"}    30/164        51/213            1960/9410     0.542
  Accompanying sclerosing adenosis                       23            11                121           \<0.001

sBBC, synchronous bilateral breast cancer; mBBC, metachronous bilateral breast cancer; UBC, unilateral breast cancer.

\*Carcinomas with a lobular carcinoma component in either breast were classified as *lobular*, while those with the involvement of other carcinoma components, with the exception of ductal or lobular carcinoma, in either breast were classified as *others*.

† Due to a lack of data, the first carcinoma could not be staged in 45.9% of the patients with mBBC.

‡ Invasive cancer was classified based on ER or Her-2 expression in either breast.

Differences in the clinicopathological characteristics of patients with BBC and patients with UBC {#sec010}
-------------------------------------------------------------------------------------------------

Patients with mBBC developed the first carcinoma at an earlier age compared to patients with UBC (47 vs. 51, p\<0.001), while patients with sBBC were significantly older than those with UBC (53 vs. 51, p\<0.001). Patients with mBBC were more likely to have a family history of first-degree relatives with breast cancer compared to patients with UBC (p = 0.004). Consistent with our previous results \[[@pone.0122692.ref011]\], patients with a lobular carcinoma component, those with estrogen receptor (ER)-positive cancer, and those with an accompanying sclerosing adenosis in the affected breast tended to develop sBBC ([Table 1](#pone.0122692.t001){ref-type="table"}). In addition, the present study confirmed that these patients also tended to develop mBBC. No significant differences were found in the stage distribution, the percentage of ER-positive patients, or the percentage of Her-2-positive patients among the patients with sBBC, mBBC and UBC ([Table 1](#pone.0122692.t001){ref-type="table"}).

Distribution of surgeries among BBC patients {#sec011}
--------------------------------------------

The rates of bilateral mastectomy, BCT, reconstruction, and combined surgeries (BCT or reconstruction in one breast and mastectomy in the contralateral breast) were 86.2%, 6.4%, 3.7%, and 3.7%, respectively, for patients with sBBC and 81.1%, 4.4%, 3.0%, and 11.5%, respectively for patients with mBBC. The rates of mastectomy, BCT, and reconstruction for patients with UBC were 78.4%, 17.6%, and 4.0%, respectively ([Table 1](#pone.0122692.t001){ref-type="table"}). The distributions of the different types of surgeries performed for patients with UBC remained stable over the years; however, the distributions changed significantly over the years for patients with sBBC ([Fig 1](#pone.0122692.g001){ref-type="fig"}). In fact, an apparent paradigm shift in the different types of surgeries performed for patients with sBBC was observed. The application of BCT has increased gradually in recent years, while breast reconstruction therapy has rapidly increased in popularity in recent years. Of the eight patients with sBBC who underwent skin-sparing mastectomy and immediate breast reconstruction, seven patients (87.5%) underwent reconstruction with the tissue expander-implant technique ([Fig 2](#pone.0122692.g002){ref-type="fig"}), and one patient underwent BCT for one breast and reconstruction with transverse rectus abdominis myocutaneous flap for the contralateral breast.

![Distribution trends of the different types of surgeries.\
(A) Distribution trends of surgeries among patients with unilateral breast cancer. (B) Distribution trends of surgeries among patients with synchronous bilateral breast cancer. The light blue area indicates the percentage of patents who underwent unilateral (A) or bilateral (B) mastectomy. The dark blue area indicates the percentage of patients who received unilateral (A) or bilateral (B) oncoplastic surgeries, including breast conserving therapy (red line) and breast reconstruction techniques (blue line), in each year.](pone.0122692.g001){#pone.0122692.g001}

![Bilateral prosthetic breast reconstruction for a patient with synchronous bilateral breast cancer.\
A 42-year-old patient was diagnosed with synchronous bilateral lobular carcinoma in situ on April 22, 2012. Bilateral mastectomy and tissue expander-implant breast reconstruction were performed. (A1-3) A preoperative view of the breasts; (B1-3) a 10-month postoperative view of the breasts after breast reconstruction.](pone.0122692.g002){#pone.0122692.g002}

Of the 296 patients with mBBC, 261 (88.2%) underwent mastectomy of the initial breast cancer. Of these, 240 (92.0%) patients also underwent mastectomy and 16 patients (6.1%) underwent BCT when they developed the second primary breast cancer. The remaining five (1.9%) patients underwent skin-sparing mastectomy on the second primary breast cancer followed by bilateral breast reconstruction. In addition, another four patients underwent skin-sparing mastectomy followed by immediate breast reconstruction for the first and second primary tumors. Breast reconstruction was used at a similar rate to treat the first primary tumor in patients with mBBC and patients with UBC (4.1% vs. 4.0%, p = 0.881). Of the 28 patients with mBBC who underwent BCT for the first tumor, 15 (53.6%) patients underwent mastectomy for the second primary tumor, and the remaining 13 (46.4%) patients underwent BCT.

Choice of surgery among BBC patients {#sec012}
------------------------------------

Among the 514 patients with BBC, the interval between bilateral cancers, age at first diagnosis of breast cancer, histopathological type, and stage had a significant impact on the choice of surgery among patients with BBC ([Table 2](#pone.0122692.t002){ref-type="table"}). Patients with sBBC or those with mBBC with an interval between bilateral cancers of over 10 years had a significant tendency to undergo bilateral mastectomy, with mastectomy rates of 86.2% and 93.9%, respectively. Patients with lobular cancer in either of the breasts were also more likely to undergo bilateral mastectomies (with a rate of 89.3%) compared to those without a lobular carcinoma component (p = 0.035). The ER status and Her-2 status had no impact on the choice of surgery among patients with BBC ([Table 2](#pone.0122692.t002){ref-type="table"}).
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###### Association between clinicopathological characteristics and different types of surgeries.

![](pone.0122692.t002){#pone.0122692.t002g}

                                       Mastectomy    Oncoplastic breast surgery   Combined surgery   p
  ------------------------------------ ------------- ---------------------------- ------------------ ---------
  Interval between bilateral cancers                                                                 \<0.001
  0--1 year                            188           22                           8                  
  1--5 years                           72            11                           18                 
  5--10 years                          75            9                            12                 
  \>10 years                           93            2                            4                  
  Age (median, range)                  51 (26--79)   43 (20--80)                  47 (30--89)        \<0.001
  Histopathology                                                                                     0.035
  Ductal                               377           35                           35                 
  Lobular                              25            1                            2                  
  Others                               26            8                            5                  
  Stage                                                                                              0.001
  0                                    51            4                            1                  
  I                                    123           21                           13                 
  II                                   213           18                           17                 
  IIIa                                 41            1                            11                 
  ER-positive                          352/422       39/43                        32/40              0.918
  Her-2-positive                       113/426       12/40                        6/40               0.397

Discussion {#sec013}
==========

A recently published study reviewed the status of breast cancer in China with respect to its epidemiology, diagnosis and treatment \[[@pone.0122692.ref013]\]. However, the current status of BBC management was not mentioned in this study. Thus, the present study fills this knowledge gap by exploring the surgical management of patients with BBC in China.

Bilateral mastectomy: the most common choice of surgical management for BBC patients in China {#sec014}
---------------------------------------------------------------------------------------------

Although the rate of mastectomy among patients with UBC in the present study was significantly lower than that previously published in a hospital-based, nationwide, multi-center retrospective study in China (78.4% vs. 92.3%, p\<0.001) \[[@pone.0122692.ref010]\], it was still significantly higher than the rates in Europe and the Americas \[[@pone.0122692.ref009], [@pone.0122692.ref014]\]. The average breast volume of Chinese women is significantly smaller than that of European and American women \[[@pone.0122692.ref015], [@pone.0122692.ref016]\], which resulted a smaller proportion of breast cancer patients that were indicated for BCT. In addition, the deep-rooted traditional beliefs regarding cancer, such as the firm belief among the Chinese population that all types of cancer should be maximally resected, along with the lack of the patient education may also prompt a subset of breast cancer patients who would be suitable for BCT to refuse the appropriate surgery.

The likelihood that patients with sBBC would undergo bilateral conserving surgery was even lower than the likelihood that patients with UBC would undergo this surgery; however, both patients and surgeons should take unilateral or bilateral breast reconstruction into consideration when determining the treatment strategy. A recent study evaluated trends and variations in the use of breast reconstruction among patients with breast cancer undergoing mastectomy in the United States. This study indicated that the proportion of patients undergoing bilateral mastectomy significantly increased from 3% in 1998 to 18% in 2007 (p\<0.001), and these patients were more likely to undergo reconstruction (p\<0.001) \[[@pone.0122692.ref014]\]. However, in China, the mastectomy rate among patients with sBBC was significantly higher than that among patients with UBC (approximately 86.2%; p = 0.003), while the reconstruction rate among patients with sBBC was only 3.7% ([Table 1](#pone.0122692.t001){ref-type="table"}); this rate is even lower than the rate among patients with UBC (4.0%; p = 0.491). A major reason for this finding is that the demand for an optimal postoperative cosmetic appearance is lower among Chinese patients, reflecting the influence of deep-rooted traditional concepts and a lack of knowledge about breast cancer therapeutics. In the present study, eight (3.7%) patients received mastectomy on one breast and BCT on the contralateral breast, which further suggested that cosmetic appearance and breast symmetry were not important to these patients. The surgeons should also take responsibility for the rather high mastectomy rate because they are responsible for educating and informing their patients about surgical options. A previously published survey of Chinese breast cancer patients' opinions regarding BCT indicated that the patients' level of understanding of BCT and the suggestions of doctors and spouses have a significant impact on the decision-making process regarding the type of surgery (p\<0.05) \[[@pone.0122692.ref017]\]. Additional effort should be devoted to improving public awareness and knowledge about breast cancer in China.

The mastectomy rate was higher among patients with mBBC than among patients with UBC (p = 0.146) ([Table 1](#pone.0122692.t001){ref-type="table"}). The median time of surgery for the first primary tumor in patients with mBBC was 7.6 years ahead of that in patients with UBC, which may account for the finding that significantly fewer patients with mBBC underwent BCT for the first developed breast cancer compared to patients with UBC (9.5% vs. 17.6%, p = 0.001). The mastectomy rate was significantly more closely related with the interval between bilateral cancers (κ = 0.104, p\<0.001) ([Table 2](#pone.0122692.t002){ref-type="table"}). The mastectomy rate was 93.9% for patients with an interval of over 10 years between bilateral cancers, and this rate was 71.3% when the interval was less than five years. A possible explanation for this finding was that the patients' satisfaction regarding their current quality of life increased as the time interval from the cancer diagnosis increased, while the demand for a better cosmetic appearance when selecting the type of surgery for the secondary cancer was reduced as the time interval from the cancer diagnosis increased.

The use of bilateral breast reconstruction for the surgical management of BBC patients in China is becoming more common {#sec015}
-----------------------------------------------------------------------------------------------------------------------

In theory, compared to patients with UBC, patients with sBBC may be more likely to want to preserve the cosmetic appearance of the breasts to avoid the severe psychological trauma caused by the removal of both breasts during the operation \[[@pone.0122692.ref018]\]. Patients might also be more satisfied with bilateral reconstruction because of improved symmetry, superior aesthetic appearance without clothing, and overall satisfaction with the reconstructive process \[[@pone.0122692.ref019]\]. However, the rate of breast reconstruction was lower among patients with sBBC than among patients with UBC in China, although breast reconstruction has become more popular among patients with sBBC in recent years ([Fig 1](#pone.0122692.g001){ref-type="fig"}).

Recent studies focused on the paradigm shift in breast reconstruction in the United States have suggested that changes in mastectomy patterns (i.e., 15% and 12% yearly increases in the application of contralateral and bilateral prophylactic mastectomies) have resulted in a dramatic increase in the application of prosthetic breast reconstruction (i.e., from 40% to 74%) \[[@pone.0122692.ref020], [@pone.0122692.ref021]\]. In the present study, the elevated application of bilateral breast reconstruction in patients with sBBC was also due to the promotion of bilateral prosthetic breast reconstruction in recent years. Prosthetic breast reconstruction could be safely performed in patients who received skin-sparing mastectomy and has the advantages of a shorter operative time, shorter hospitalization, shorter recovery time, less complex surgery, and fewer complications at the donor site compared with autologous breast reconstruction, which was also considered by surgeons when selecting the reconstruction method \[[@pone.0122692.ref014]\]. Almost all patients who received bilateral skin-sparing mastectomy were candidates for bilateral prosthetic breast reconstruction, and the use of this method could provide a satisfactory cosmetic appearance ([Fig 2](#pone.0122692.g002){ref-type="fig"}). In addition, the costs of skin-sparing mastectomy and immediate bilateral breast reconstruction with prosthesis (not including the cost of implants or tissue expanders), pedicle flaps, and free flaps were approximately \$810, \$1,100 and \$1,295, respectively. These similar costs might also partially explain the preference for prosthetic reconstruction compared with autologous reconstruction.

For patients with mBBC, an even lower rate of breast reconstruction was observed. The development of a second primary tumor in the contralateral breast could have a tremendous psychological impact on the patients, which could present in various forms. In the present study, among the patients who had received bilateral breast reconstruction, over half underwent mastectomy when the first tumor occurred and chose bilateral breast reconstruction when the second tumor developed. Delayed autologous breast reconstruction alone with immediate prosthetic reconstruction or bilateral autologous breast reconstruction were the major procedures used for reconstruction for mBBC patients ([Fig 3](#pone.0122692.g003){ref-type="fig"}).

![Bilateral autologous breast reconstruction for a patient with metachronous bilateral breast cancer.\
A 46-year-old patient diagnosed with metachronous bilateral breast cancer. Mastectomy was previously performed on April 15, 2006 for invasive ductal carcinoma in the right breast. A second primary invasive ductal carcinoma was diagnosed on December 24, 2010, and a skin-sparing mastectomy with immediate reconstruction with a deep inferior epigastric perforator flap was performed on the left breast. This procedure was accompanied by a delayed reconstruction with a superficial inferior epigastric artery flap performed on the right breast. Bilateral nipple-areola reconstruction and tattooing was performed 9 months later. (A) A frontal view of the patient before management of the second primary tumor; (B1-3) an 18-month postoperative view after breast reconstruction.](pone.0122692.g003){#pone.0122692.g003}

In addition, the present study further confirmed our previous result that patients with a lobular carcinoma component, those with ER-positive cancer, and those with an accompanying sclerosing adenosis in the affected breast tended to develop sBBC \[[@pone.0122692.ref011]\]. The limitations of the present study included the potentially limited external validity of results from a single institution. The results of the present study might overestimate the current status of surgical management of patients with early-stage BBC in China. In addition, community-related parameters such as marriage, fertility, health insurance, level of education, average annual earnings, and geographical distribution of the patients were absent from the analysis. Further sociological and cost-effect analyses might account for the non-medical factors associated with the current status of surgical management for patients with BBC in China.

Conclusion {#sec016}
==========

The present study provided an overview of the current state of surgical management for early-stage patients with BBC in China. Bilateral mastectomy was the dominant surgical management for patients with BBC in China, despite the increased use of breast reconstruction observed in recent years. Bilateral prosthetic breast reconstruction was the ideal choice for patients with sBBC. More efforts are required to improve public awareness and knowledge about the disease in China, while surgeons should also take responsibility for patient education and for informing their patients about surgical options.
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